Background: Previous studies indicate that N-ratio has significant superiority in minimizing 'stage migration' for patients with >15 lymph nodes retrieved. Whether the result is applicable to patients with £15 lymph nodes retrieved is still in question. Results: Patient number was significantly different between insufficient and sufficient number or level retrieved group in pN and n system, respectively, but not in rN system, while overall survival rates were not significantly different between those groups. The 5-year survival rates of patients with insufficient nodes retrieved were significantly lower than those with sufficient nodes retrieved in pN and n system, but not in rN system. The hazard risk for patients with insufficient nodes retrieved was significantly higher than that for patients with sufficient nodes retrieved in pN and n system, but not in rN system.
introduction
The status of metastatic lymph nodes (N stage) and the depth of the primary tumor (T stage) are currently considered the most reliable prognostic indicators for patients with radically resected gastric cancer [1] [2] [3] . Since the depth of invasion of the primary tumor can be readily assessed by pathological examination with consistency and reproducibility [4] , the classification of T stage has been adopted by International Union Against Cancer (Union Internationale Contre le Cancer) (UICC)/American Joint Committee on Cancer (AJCC) and Japanese Gastric Cancer Association (JGCA) TNM (tumornode-metastasis) system with conformity. However, the classification of N stage is still controversial. In UICC/AJCC N staging (pN) system, which is on the basis of the number of metastatic lymph nodes, >15 retrieved and analyzed lymph nodes for each patient are required for optimal staging [5] . And in JGCA N staging (n) system, which is on the basis of the level of metastatic lymph nodes, D2 lymph node dissection and at least the second-level retrieved lymph nodes are required for optimal staging [6] . If the number or the level of retrieved lymph nodes is insufficient, the phenomenon of 'stage migration' will be observed in 10%-15% of cases [7] [8] [9] .
The stage migration phenomenon, also called 'Will Rogers' phenomenon [10] , is used to describe the phenomenon of understaging owing to insufficient lymph nodes examined. To our knowledge, the causes of stage migration should include two independent parts. One is insufficient lymph nodes dissection. The other is insufficient lymph nodes retrieved. As D1 dissection is routinely carried out in many Western countries, n2 or n3 staging, according to JGCA N classification, is impossible. This will result in insufficient lymph nodes dissection. Also, pN may be understaged on account of less lymph node retrieved after D1 lymphadenectomy compared with that after D2 lymphadenectomy. On the other hand, after treatment with formalin, stomach specimens usually have an altered anatomic structure which may lead to inappropriate staging of the level of lymph nodes (insufficient level retrieved) and the number of retrieved lymph nodes will be fewer than 15 with careless retrieving (insufficient number retrieved). Thus, insufficient lymph nodes retrieved happens frequently and results in inadequate staging of both JGCA and UICC/AJCC N classification [11, 12] .
Recently, the ratio of metastatic lymph nodes has been studied extensively. Many reporters believed that the N-ratio (rN) staging has significant superiority in prognosis assessment and minimizing stage migration, compared with the traditional N staging system. Many researchers selected patients with >15 lymph nodes retrieved or with D2 lymphadenectomy [13] [14] [15] [16] [17] . Whether the result could be applicable to patients with £15 lymph nodes retrieved is still in question. Previous studies have proved that the number of lymph nodes retrieved has great impact in prognosis assessment with UICC/AJCC N staging system. For example, the hazard risk (HR) of pN1-3 patients with <20 lymph nodes retrieved will be overestimated in UICC/AJCC N staging system due to insufficient nodes retrieved [18] . Thus, if the N-ratio staging system has an important impact in minimizing stage migration, it will be accepted as a substitution of UICC/AJCC and JGCA N staging system in prognosis assessment, especially for patients with insufficient lymph nodes retrieved.
In the light of these considerations, the aim of the present study is to investigate which N staging system has more potential in minimizing stage migration for patients with insufficient number or level of lymph nodes retrieved. And since D0 or D1 lymphadenectomy usually cannot achieve R0 resection for most of gastric cancer, investigation of the impact of insufficient lymph nodes dissection is not meaningful. Thus, our study will focus on the insufficient lymph nodes retrieved.
patients and methods
All patients with gastric cancer who underwent surgery at the Department of Oncology, First Affiliated Hospital of China Medical University, during January 1980 to December 2006 were entered into a prospectively maintained database. In total, 2304 patients underwent D2 or D3 lymphadenectomy and achieved radical (R0) resection for histologically proven gastric carcinoma. Among them, 78 have distant lymph metastases (retropancreatic, mesenteric, duodenohepatic ligament or para-aortic lymph node), 24 died in the postoperative period and 43 were lost to follow-up. Thus, 145 patients were excluded.
Of the remaining 2159 patients, an average of 19.88 6 12.30 lymph nodes were retrieved (27.31 6 10.66 for patients with >15 lymph nodes retrieved and 9.39 6 4.01 for patients with £15 lymph nodes retrieved), ranging from 1 to 97, and an average of 3.47 6 5.27 lymph nodes were proof metastasis (5.21 6 7.37 for patients with >15 lymph nodes retrieved and 1.89 6 2.66 for patients with £15 lymph nodes retrieved), ranging from 1 to 84.
Lymph node involvement was classified according to both UICC/AJCC (2002) N staging systems [5] (pN0 = no metastasis; pN1 = 1-6 metastatic lymph nodes; pN2 = 7-15 metastatic lymph nodes; pN3 = >15 metastatic lymph nodes) and JGCA (1998) N staging systems [6] (n0 = no lymph node metastases; n1 = metastasis to level 1 nodes; n2 = metastasis to level 2 nodes; n3 = metastasis to level 3 nodes). To minimize the phenomenon of stage migration owing to inappropriate staging of the level of lymph nodes, all the lymph nodes were dissected and examined by three pathologists during the 27 years . N-ratio (rN) intervals were determined by using the best cut-off approach and considering patients' survival (log-rank statistic) as the dependent variable. The functional form of the covariate under study was also evaluated by means of the martingale residual analysis. Both analyses identified the following best-fit cut-off values-rN0: 0%; rN1: 1%-20%; rN2: 21%-50% and rN3: >50%. And a novel tumor-ratio-metastasis (TRM) hypothetical staging system on the basis of T stage and N-ratio was proposed by comparing the difference of patients' survival between 16 subgroups (combining T stage with N stage), and identified six prognostically homogeneous TRM classes of patients (Ia: T1rN0; Ib: T1rN1, T2rN0; II: T1rN2, T2rN1, T3rN0; IIIa: T2rN2, T3rN1, T4rN0; IIIb: T3rN2; IV: T1-4rN3, T4rN1-2).
To investigate which N staging system has more potential in minimizing stage migration when insufficient number and level of lymph nodes retrieved, all the patients enrolled in this study were divided into sufficient number group (>15 lymph nodes retrieved) and insufficient number group (£15 lymph nodes retrieved), sufficient level group (with level 2 or 3 lymph nodes retrieved) and insufficient level group (without level 2 and 3 lymph nodes retrieved), respectively. The mean 6 standard error (SE) of the HR, using Cox proportional hazards model with forward stepwise procedure for variable selection, against the six novel TRM classes (Ia, Ib, II, IIIa, IIIb and IV) as well as the six UICC/AJCC and JGCA TNM classes were plotted. A control group of T1N0 was selected to make the study compatible with different TNM staging system. Spearman's correlation coefficient was used to assess the correlation between the number of retrieved nodes and the number of metastatic nodes, the number of retrieved nodes and N-ratio. Overall survival (OS) rates were determined using the Kaplan-Meier estimator, an event being defined as death for cancer correlated cause. The log-rank test was used to identify differences between the survival curves of different patient groups. In univariate analysis, two-tailed v 2 tests for categorical variables were used for statistical comparisons. For all analyses, only P values <0.05 were considered significant. All the statistical analyses and graphics were carried out with the SPSS 16.0 statistical package (SPSS Inc., Chicago, IL).
results
For T1 patients with £5 lymph nodes retrieved, T2 with £15 and T3/T4 with £20, the number of retrieved nodes was well correlated with the metastatic nodes, but not with the N-ratio (Table 1) . Figures 1 and 2 show the relationship between the number of retrieved nodes, metastatic nodes and N-ratio for T2 and T3/T4 patients, respectively. Since the definition of N0 categorization is identical in UICC/AJCC, JGCA and N ratio staging system, which is none of metastatic lymph nodes was pathological proof, we select node-positive patients to investigate the impact of number and level of nodes retrieved on prognostic assessment with different N staging system.
When the number of patients with 1-10, 11-15, 16-20, 21-25 and 26-30 nodes retrieved was compared with that of patients with >30 nodes retrieved, there was a significant difference for T2 patients with £15 nodes retrieved and T3/T4 patients with £25 nodes retrieved in the pN staging system (Table 2) , while the same difference could not be observed for patients in the rN staging system, except for those with £10 nodes retrieved (Table 2) .
Similarly, in the n staging system, for all the patients with T2 or T3/T4 gastric cancer, there was a significant difference between the number of patients with and without level 2 nodes retrieved and with and without level 3 nodes retrieved, but not in the rN staging system (Table 3) .
When the OS rates were compared, no significant difference could be observed between the patients with >30 nodes original article Annals of Oncology retrieved and those with <30 nodes retrieved for both T2 and T3/T4 cancer (Table 2, Figure 3 ), patients with level 2, 3 nodes retrieved and those without level 2, 3 nodes retrieved (Table 3, Figure 4 ). These results indicate that the difference among the patients' number in UICC/AJCC and JGCA N staging system is probably due to inappropriate staging, which resulted in the so-called stage migration.
We also investigated the impact of number and level of lymph nodes retrieved on assessing OS rates with different N staging systems. In the pN staging system, the 5-year survival rate was significantly low for patients with £15 nodes retrieved for pN1, £20 nodes retrieved for pN2 and £25 nodes retrieved for pN3, compared with those with >30 nodes retrieved ( Table 4 ). The same difference could also Annals of Oncology original article be observed between patients with level 2, 3 nodes retrieved and those without level 2, 3 nodes retrieved for n1 and n2 in the n staging system (Table 5 ). However, no difference could be observed for patients in the rN staging system, except for those with £10 nodes retrieved (Table 4) . To investigate which N staging system has more potential in minimizing stage migration for patients with insufficient number or level of lymph nodes retrieved, we select all the patients to plot the mean 6 SE of the HR against six TNM classes (Ia, Ib, II, IIIa, IIIb and IV) of UICC/AJCC, JGCA and N-ratio staging systems. Compared with patients with >15 nodes retrieved and those with level 2, 3 nodes retrieved, the HR of patients with not so many as 15 nodes retrieved or those with only level 1 lymph nodes retrieved was significantly high, in UICC/AJCC and JGCA TNM staging system, respectively, but not in TRM staging system ( Figure 5 ). These results show that insufficient number or level of lymph nodes retrieved might result in overestimation of the HR for prognostic assessment with UICC/AJCC and JGCA TNM stage system. discussion It has been reported that patients of gastric cancer with different depth of invasion share different metastatic lymph nodes status. Compared with T1 gastric cancer, the status of metastatic nodes for T3/T4 gastric cancer usually has the characteristic of more in number and farther in distance [19] [20] [21] . And the N stage may be heterogeneous with different number and level of lymph nodes retrieved in UICC/AJCC and JGCA N staging system. With insufficient number or level of lymph nodes retrieved, the prognosis of the patient will be underestimated owing to inappropriate staging in UICC/AJCC or JGCA N staging system. This phenomenon is the so-called stage migration.
In this study, for T1 patients with £5 nodes retrieved, T2 £15 retrieved and T3/T4 £20 retrieved, closed linear correlations were observed between the number of retrieved lymph nodes and the number of metastatic nodes, but not metastatic ratio. Our findings indicated that a minimum number of lymph nodes should be retrieved to ensure appropriate staging according to pN classification. And if the minimum number of original article Annals of Oncology retrieved lymph nodes was not met, downstaging might happen due to positive nodes residual [22, 23] .
When comparing the number of patients in the pN and the n staging systems, we found a tendency of more patients being in low N stage for patients without meeting the required minimum number of nodes retrieved or without level 2, 3 lymph nodes retrieved. Recently, Sasako et al. [24] has reported the result of their randomized, controlled trial concerning the impact of D2 lymphadenectomy with para-aortic nodal dissection (PAND) on curable gastric cancer and concluded that D2 lymphadenectomy plus PAND does not improve the survival rate, as compared with D2 lymphadenectomy alone, indicating that postoperation survival of patients enrolled in this study (underwent D2 lymphadenectomy) was not affected by treatment mode. And since the 5-year survival rates were not significantly different between patients with and without meeting the required minimum number of lymph nodes retrieved and patients with and without level 2, 3 lymph nodes retrieved, we believed that the aforementioned tendency reflected the downstaging of N stage or stage migration in the pN and the n staging systems.
Other than the pN and the n stage, for both T2 and T3/T4 patients with >10 nodes retrieved, there was no significant difference between the numbers of patients in the rN staging system, indicating that the required minimum number of lymph nodes retrieved was lesser for the rN stage than that for the pN stage. This phenomenon also implied that the rN staging system might have more potency to minimize stage migration, compared with the pN and the n staging system. Patients with T1 stage were not calculated because of limited sample size (n = 55).
a Compared with patients with >30 lymph nodes retrieved. n, number of patients; 5-YSR, 5-year overall survival rate (%). Patients with T1 stage were not calculated because of limited sample size (n = 55). n, number of patients; 5-YSR, 5-year overall survival rate (%). original article
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In previous studies, many researchers have proposed that the 5-year survival rates were correlated with the number of lymph nodes retrieved. Klein et al. [25] reported that examining at least five lymph nodes could justify the pN0 classification on the basis of the data from the Dutch D1-D2 Gastric Cancer Trail. Ichikura et al. [18] preferred >10 nodes retrieved for pN0 classification and >20 for pN1-3 classification. Marchet et al. [26] investigated that a large sample of 1853 patients from an Italian Multicentric Study, reporting the survival difference between patients with and without >15 nodes retrieved, was significant in the pN stage, while not in the rN stage (except for N0). In our study, patients with £15 (pN1), £20 (pN2) and £25 (pN3) nodes retrieved showed significantly lower survival rates than those with >30 lymph nodes retrieved in pN staging system, respectively. And for n1 and n2 gastric cancer, patients with level 2 and 3 nodes retrieved showed significantly lower survival rates than those without level 2 and 3 nodes retrieved in n staging system.
Unlike the pN and the n staging system, the rN staging system discriminated three subsets of patients (rN1, rN2 and rN3) with similar prognosis for patients with sufficient and insufficient number or level of lymph nodes retrieved (except for patients with £10 nodes retrieved). This result indicated, again, that the rN staging system might have more potential to minimize stage migration.
It is worth to note that, in rN staging system, a tendency of upstaging could be observed for T2 and T3/T4 patients with £10 nodes retrieved, which was more patients being classified as higher rN stage but sharing the similar 5-year survival rate for patients with £10 nodes retrieved, compared with those with >30 nodes retrieved. And the OS rates of patients with £10 nodes retrieved in rN1, rN2 and rN3 group were significantly higher than that of patients with >30 nodes retrieved. Consequently, it seems that a minimal number of retrieved lymph node is still essential to guarantee the potential ability of N-ratio staging system in minimizing stage migration phenomenon.
When comparing the prognostic power of the novel TRM staging system on the basis of N-ratio with that of the traditional UICC/AJCC and JGCA TNM system, we found significantly higher HR for patients with £15 nodes retrieved or without level 2, 3 nodes retrieved than that for patients with >15 nodes retrieved or with level 2, 3 nodes retrieved, respectively, indicating that insufficient number or level of lymph nodes retrieved would result in overestimation of HR for prognostic assessment with UICC/AJCC and JGCA TNM stage system, while the HRs were highly homogeneous between patients with sufficient and insufficient nodes retrieved in the novel TRM stage. This observation also supported our foregoing conclusion that the rN staging system has better n, number of patients; 5-YSR, 5-year overall survival rate (%). 
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prognostic assessment value than the pN and the n staging system. As far as we know, this study is the first to investigate the impact of number and level of lymph nodes retrieved on the stage migration phenomenon extensively. In distinction from several previous reports, which paid much attention to patients with >15 lymph nodes retrieved, this study employed all the patients including those with £15 lymph nodes retrieved. Taking into consideration that in many Western countries surgeons routinely carry out D1 dissection and most of them believe that the same outcome could be achieved by D1 dissection as D2 dissection, our study supports the application of the N-ratio stage in prognostic assessment, especially for patients with £15 lymph nodes retrieved.
In conclusion, N-ratio has more potential in minimizing stage migration phenomenon for patients with insufficient number or level of lymph nodes retrieved, compared with UICC/AJCC and JGCA N staging system. On the basis of the results presented here, we recommend the application on Nratio in the prognostic assessment especially for patients with D1 lymphadenectomy in Western countries. acknowledgements ZS, G-LZ and H-MX conceived the study, analyzed data and drafted and submitted the manuscript. CL, P-TG, B-JH, KL, YX and D-ML revised the manuscript critically for important intellectual content. Z-NW conceived of the study and helped in drafting the manuscript. All authors read and approved the final manuscript. The authors declare that they have no competing interests.
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